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SPECTRUM VU METER 


Design by T. Giesberts 


Making an audio signal visible 
on a display is something that 
appeals to many audio & hi-fi 
enthusiasts. Most commercial 
audio equipment is now pro- 
vided with a display in the 
form of one or more light bars 
that move in rhythm with the 
music. The proposed VU 
meter offers seven or eight 
bars that each serve a certain 
part of the audio spectrum. 


A VU meter used to be a moving-coil 

eter that indicated the drive power 
of, forinstance, a tape recorder in Volume 
Units'. Modern equipment is normally 
provided with a VU meter consisting of 
a bar of small LEDs per channel. 

The VU meter described is intended 
primarily for use with an amplifier and 
does not only show the strength of the 
incoming or outgoing signal, but also its 
spectral distribution. The sound spec- 
trumis divided into seven or eight bands, 
each of whose strengths is shown on a 
10-LED bar. All these LEDs do not pre- 
senta construction problem, because use 
is made of two 5x7 or 5x8 matrix dis- 
plays that are mounted one above the 
other. These displays are available in. 
various sizes, from 18x26 mm to 61x72 mm. 


Design considerations 


The audio input signal is fed to a vari- 
able amplifier and then to seven filters 
(Fig. 1). The eighth filter shown is for 
use only with large displays that have 
eight LED bars. The lowest filter is a low- 
pass section, the five (or six in case of a 
large display) following ones are band- 
pass sections, and the highest is a high- 
pass section. To obtain a good split of 
the audio spectrum and yet keep the 
number of components in the filters to a 
minimum, the cut-off frequencies and 
О factors have been chosen to give -10 dB. 
transfer points of adjacent frequencies. 
That may seem a lot, but it should be 
borne in mind that the resolution of the 
display is 3 dB per step at the top and 
as much as 9 dB per step at the bottom. 

To get an even distribution ofthe audio 
range of 20 Hz to 20 kHz, the central 
frequencies of the band-pass filters have 
been set to 130 Hz, 340 Hz, 880 Hz, 
2.3 kHz, and 6 kHz. With a Q factor of 3, 
the filters interconnect just about at. 














their -10 dB points. 

The cut-off frequency of the low-pass 
filter is set to 50 Hz and that of the high- 
pass section to 15 kHz. For small dis- 
plays. these filters are third-order But- 
terworth types that fit in well with the 
band-pass sections, but for large displays 
theirbehaviour becomes more ofa Chebishev 
nature. 

The filter responses are shown in Fig. 2. 


The filter outputs are passed to peak 
detectors. These arerather more complex 
than in Fig. 1, but that will be reverted 
to in the circuit description. 

Theseven (eight) direct voltages are fed 
to a multiplexer that passes one of them 
via buffer-amplifiers to a double com- 
parator-buffer formed by two LED driver 
ICs. Thesequasi-series connected ICs en- 
able a range of some 50 dB to be displayed. 
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Fig. 1. Block schematic of the VU meter. 
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Fig. 2. Response curves of the low-pass, high-pass and band-pass filters when a seven-bar display is used. 


A frequency generator provides the 
clock that switches the multiplexer to each 
successive direct voltage. At the same 
time, this signal actuates the LED bar 
associated with that direct voltage via a 
number of buffer stages, so that this bar 
displays only the level monitored at that 
instant. 


The circuit 


The audio input is applied to K} (see 
Fig. 4) and from there to IC, via P}, which 
enables it to be attenuated as required. 
The amplifier has a gain of about 16 dB. 
The output of IC, is fed to the seven or 
eight filter sections. The multiple feed- 
back band-pass filters are formed by 
ІС, ІСу, ІС), ІС, and ІС. As already 
mentioned, their Q factor is 3. 

The third-order low-pass filter, which 
has a cut-off frequency of 50 Hz, is based 
on ІС. 

The third-order high-pass filter, which 
has a cut-off frequency of 15 kHz, is 
based on ICs. 

If a 10x8 LED matrix is used, the 
eighth filter needed is based on IC;,. In 
that case, the high-pass filter based on 
ICs is converted to a band-pass section 
(whence the duplicated component in- 
dications; in the Cy position a resistor 
is then used). Table 1 lists all the com- 
ponent values in case eight filters are used. 

The rectifiers are pseudo-active types 
to ensure proper coverage of the display 
range of 50 dB. In the prototype, stan- 
dard passive rectifiers, even Schottky 
types, gave serious deviations (in some 
case, a 30 dB signal was attenuated to 
no less than 12 dB by the rectifier). The 
design finally chosen consists of a pas- 
sive rectifier, consisting of a diode (Ds, 
Dg, О, рц. Әу, Dg, Dog), a capacitor (C,, 
Су. Cio; Су, Ср, Су, Су) and a discharge 
resistor (Rg, Ry, Rig, Роз, Rog, Ез, апа Ry), 
coupled with an active compensating 
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device (Су. ІС, ICs, ІСҙ, ІС, ІС, and 
ICs). 

The active devices compensate the 
forward bias of the associated diodes as 
well as the discharge of the capacitors 
through the diodes when these conduct. 

Since each of the ICs, connected in a 
voltage follower configuration, has neg- 
ative feedback through two anti-parallel 
diodes, its output will always be larger 
by the forward bias of one of the diodes 
(Ds. Dg, Dg, Dy, Dis. Dig, Оуу) than the 
input. That bias depends to some extent 
on the current, which here is determined 
by the load resistor (Ел, Ry. Ry. Ry. Ry. 
Ry, Ry). The diodes mentioned above 
are of a type that is identical to the rec- 
tifier. The type of the other diode in the 
feedback loop is not so important. 

When the input is small, the drop 
across Ds, Dg, and so on, may be in- 
creased by reducing the value of R}, Ry. 


Fig. 3. The displays are available in a variety of sizes. 


and so on. 

Outputs Q3, Q4 and Q5 of oscillator- 
divider IC; switch multiplexer IC; at a 
frequency of about 400 Hz, so that at all 
times one of the output voltages of the 
rectifiers is connected to the compara- 
tor and drive section, ICs, IC}, IC). 

The same three Q outputs of IC;are 
also linked to binary-to-decimal con- 
verter (BDC) IC}. This converter ensures 
(via a number of buffers contained in 
IC) that the LED bar associated with 
the direct voltage output of the multi- 
plexer at that instant is powered. 

When all LEDs of a small display with 
seven bars light, the average current 
drawn is 263 mA. 

The multiplexer is linked to IC, and 
ICyvia two opamps, ІС» and ІС. The first 
serves as a buffer for ІС, while the sec- 
ond not only buffers the signal to [C)), 
but also amplifies it x32. 
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Circuits IC, and 1С); drive the rows 
of the display. Each of them contains a 
10-step comparator, a variable reference 
source and a drive circuit for the ten 
LEDs. Since at the underside of the dis- 
play larger steps are required than at 
the top, most outputs of IC; are not 


used. In that way, the steps on the dis- 
play are (in dB): 0, -3, -6, -9, -15, -21, 
-27, -33, 41, and -50. 

Resistors Rg-Rs serve not so much 
as current limiters (the outputs of the 
LM3915sare current sources), but rather 
as dissipation limiters for the drive tran- 





























sistors contained in IC); and IC. 4 
The power supply needs to provide a 

stabilized, symmetrical voltage; the pos- 

itive supply line must be able to deliver 

a current of at least 330 mA, and the 

negative line one of about 35 mA. 





Ico = Thez2 
IC2..18 = ты. 
LD1, LD2 = Kingbright TCO7-11EWA, 





































































































Fig. 4. Circuit diagram of the VU meter. 
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Construction 


The VU meter is most conveniently built 
on the printed-circuit board shown in 
Fig. 5. Start with cutting off the display 
section if that is to be located elsewhere. 
Then, all components can be fitted. Note 
that most resistors and all diodes should 
be mounted upright. The 270 pF, 470 pF 
and 680 pF capacitors must be polystyrene 
types to prevent too high damping of the 
filters. These capacitors must also be 
mounted upright. 

Oncethe boards have been completed, 
they must be interlinked by an angled 
header (see photograph on p. 8) or 17 


(94 |8: 





discrete, short wires. 

Тһе power for the meter may be drawn 
from the equipment into which it is built, 
but, owing to the current requirement 
on the positive line, it is best to build a 
small, separate supply. 

If a larger display is used than shown 
on the PCB, it must be connected to the 
board via suitable connectors or half IC 
sockets. The display section of the board 
is then useless. 

When a small display is used, jumper 
JP, on the board must be placed in po- 
sition "Н". Resistors Rg and Rg must be 
replaced by a wire bridge. 


О 
D 


i DEX DT 
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Fig. 4. The printed-circuit board for the VU meter. 
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O=UDN2585A 
1014, IC12-LM3915 
Miscellaneous: | 
JP1=terminal strip 
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20-MEWA; 
| 5«8:TC24-11EWA 
PCB Type 920151 (see p. 70) 
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Filter йог}; Component values © 

ICy 57 Hz R4=267 КО; R5, R6=249 КО; 
C1222 nF; C2=120 nF; C3=1 nF 

ІС, 113 Hz R9=274 КО; R10= 11.8 КО; R11=549 КО 
С5, C6=18 nF 

IC 255 Hz К14-324 КО; RIS-13.7 КО; R16-649 КО; 
C8, C9=6.8 nF 

ІС, 577 Hz К19-294 КО; R20=12.4 КО; R21=590 КО; 
C11, C12=3.3 nF 

ICy 1030 Hz R24=287 КО; R25=12.1 КО; R26=576 КО; 
C14; С15=1.5 nF 

ІС, 2940 Hz R29=280 КО; R30=12.1 КО; R31=562 kZ; 
C17, C18=680 pF (polystyrene) 

ICs 6650 Hz C20=309 КО; R34=13.3 КО; R35=619 КО; 
R36=wire bridge; C22=not used; 
C21, С23-270 pF (polystyrene) 
Place ҮРІ in position В 

ICs 13600 Hz К39-11.8 КО; R40=2.37 КО; R41=294 КО 
С25-С27-470 рЕ (polystyrene) 

ICs R42=51.1 КО; R43=4.7 МО; C28=100 nF; 








Table 1. Component values and frequencies for eight filter sections. 
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Calibration 


Connect the meter to a point in the am- 
plifier where a strong signal is present; 
this is normally the loudspeaker termi- 
nalinanoutputamplifier. Make sure that 
the amplifier is fully driven. Turn P; so 
that IC; is just not overdriven. If an os- 
cilloscope is not available, connect a 
multimeter, set to'the 10 V a.c. range, to 
the output of IC). If this is an inexpen- 
sive digital multimeter, use a low-fre- 


quency input signal, say, a couple of 


hundred hertz. Turn P; slowly till the meter 
reads 9.5 V r.m.s. Then, using an input 
signal at a frequency in the centre of the 
pass-band, say, 130 Hz or 340 Hz, ad- 
just P;until the entire associated LED bar 
just lights. п 


RHAL 








YOUR PERSONAL 
UNIVERSAL PROGRAMMER 


Superpro is a low cost programmer which can easily E 


be attached to your PC for use in В & D. It comes with 


its own half card'for high speed communication so you | 


can still use your parallel port. 

Superpro comes from California so you can be sure lhe 
latest devices will be supported, In fact the software is 
updated on an almost monthly basis. The extensive 
device list covers most popular logic and memory 
families such as Amd's Mach series as well as the 
popular Altera range EP310 to EP1810. Support is 
also included for popular gals such as 16/8 and 
20V8 from a variety of manufacturers. Standard 24, 
28, 32 and 40 pin e (е) proms are also catered for in 
the 40 pin universal ZIF socket. An added bonus is the 
ability to program a range of microcontrollers. PLCC 
devices can be programmed with special adaptors 


So before spending thousands of pounds on a new stand alone programmer why not have a look at Superpro for a ten 


day trial period? 




















я: Binary file 
B: Intel (Extended) 
C: Motorola 51 











LLOYD RESEARCH LTD 


Tel: 0489 574040 for a device list 
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INEXPENSIVE PHASE METER 


Design by F. Hueber 


The phase meter presented is & 

based on just two CMOS ICs ` 
and a liquid-crystal display 
(LCD) to make it affordable 

with even the tightest budget. 


14 [s block schematic of the phase meter 
is shown in Fig. 1. Twoamplifiers con- 
vert the input signal into a rectangular 
voltage that controls an edge-sensitive SR 
bistable (flip-flop). The average output 
of the bistable - between zero and the 
supply voltage - is directly proportional 
to the phase shift (0-360º). The measur- 
and whose phase shift with respect to 
the reference signal at input B is to be 
determined is applied to input A. Every 
time the reference signal starts the pos- 
itive half of its period, the leading edge 
of signal 1 sets the bistable. The bistable 
is reset when the phase-shifted signal 
at A starts the positive half of its period. 
In this way, the output of the bistable 
remains high longer the more the phase 
shift, that is, the average output volt- 
age, increases. This is shown by timing 
diagrams 1 and 2 in Fig. 1. 

Timing diagram 3 shows the situa- 
tion when the phase shift is 0° or a mul- 
tiple of 360°. In those cases, it may hap- 
pen that sometimes the leading edge of 
input A occurs first and at other times the 
that of the reference signal. This will 
cause the output of the bistable to fluc- 
tuate between zero and the supply volt- 
age. The meter will then give an undefined 
or instable reading because the average 
voltage cannot be exactly zero (0°) or the 
supply voltage (360°). This is one of the 
(small) prices to be paid for simplicity. 

Another is that when the input sig- 
nals are removed when the bistable is set, 
the meter reading remains at 360°. This 
error may be obviated by first removing 
the reference signal (B) and then the sig- 
nal from A. 





Circuit description 


The two input channels are virtually 
identical—see Fig. 2. Only capacitors C,, 
C; and C; differ from their counterparts 
in the other channel. These capacitors 
serve to synchronize the phase pattern 
in the two channels. 

Since the two channels are near-iden- 
tical, channel B only will be discussed. 

The signal—input at B—is applied to 
the circuit via Cj, shunted by calibra- 
tion capacitor Су, which prevents direct 
voltage being applied to te meter. Resistor 
К, and diodes D; and D; provide protec- Fig. 1. The principle of the phase meter is quite simple. 
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TEST & MEASUREMENT 





ІСІ = 4069U 
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Fig. 2. Circuit diagram of the complete phase meter. 
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tion against too high alternating volt- 
ages at the input. 

The signal is then applied to inverter 
ІС, which is not buffered, so it can be 
converted into a linear amplifier. In fact, 
IC, is arranged as an inverting ampli- 
fier, whose amplification is set to about 
x10 by R, and R}. This arrangement is 
not immediately recognizable owing to the 
protection diodes. Capacitor С, prevents 
any direct voltage generated by the pro- 
tection circuit reaching ІС. 

Incontrast to that ofa standard opamp, 
the input impedance of IC, is not easily 
determined. This is because of the pro- 
tection circuit (which has a lower impedance 
at high voltages) and also since the in- 
verter is a less ideal amplifier than an 
opamp. The input impedance varies be- 
tween 200 КО and 300 КО, which is іп 
most cases high enough to prevent load- 
ing of the circuit on test. 

The amplifier is followed by a Schmitt 
trigger that converts the amplified sig- 
nal to a neat rectangular signal. The 
triggeris formed by two series-connected 
inverters, IC; and IC), that have been pro- 
vided with a measurement coupling via 
R, and Б, 

The signal is subsequently applied to 
bistable ІС; directly and to T; via C, and 
Rg. The transistor is switched on briefly 
at each leading edge by the charging 
current through C, and this causes D; 
to light. This indicates that the signal is 
suitable for driving the bistable. Ifthe LED 
goes out or flickers, the signal is too 
small or something else prevents the 
Schmitt trigger from regular toggling. 

As already stated, the difference be- 
tween the two channels is confined to a 
couple of capacitors that enable the phase 
behaviour in the two channels to be iden- 
tical, or nearly so, over as large a frequency 
range as possible. This is particularly 
important at the extremes of the range, 
because where the frequency response 











Fig. 3. Auxiliary circuit for calibrating the 
phase meter. 
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starts to roll-off, phase shift ensues. This 
does no harm as long as the shift is the 
same in both channels and this is ensured 
by the calibration points. 

The lower cut-off point is determined 
by the input circuit. Since the value of 
capacitors normally has a greater toler- 
ance (usually 2096) than that of resistors, 
capacitorsare used for calibrating. To that 
end, С, may be shunted by Су, which 
compensates small differences in value 
between C, and C; (C, and C; are com- 
pared and the smaller is fitted as C). 

The upper cut-off point is determined 
primarily by parasitic capacitances in the 
inverters, but also by the small differences 
intheswitching thresholds of the Schmitt. 
triggers (bear in mind that the resistors 
have a tolerance of about 5%). The latter 
effect is particularly noticeable at high 
frequencies. The overall effect is com- 
pensated by C, and C;. 

The SR bistable is not a standard com- 
ponent, but is composed of two D-type 
bistables with reset input, IC), and 1С. 
The D-bistables are interconnected in 
sucha manner that every time one of them. 
is set (the D inputs are permanently 
high). the other is reset. Just as the 
usual edge-triggered SR bistable, the 
present one has a non-permitted state 
and this occurs when two leading edges 
appear simultaneously. In that state, it 
is impossible to say whether the circuit 
interprets this as a set or a reset. This is 
the cause of the fact that, in theory, the 
meter has no stable null and cannot sta- 
bly indicate multiples of 360º (which the 
meter ‘sees’ as 0°). This sounds worse than 
what happens in practice, because a few 
tenths of a degree are sufficient to give a 
stable display. Unreliable display of the 
phase shift occurs mainly when the fre- 
quency of the input signal is not stable 
(jitter), 

The phase angle is displayed by an LCD 
that was also used for the ‘inductance 
/capacitance meter published last year!. 
This shows, by means of filter К;-С, the 
average value of the output voltage of 
the bistable. 

Owing to the sensitivity of the DVM 
module and the fact that two meter ranges 
are required, the output voltage must 
be lowered to a suitable level. This is 
done with the aid of potential divider 
Ry-Ry-P;-P;. From that divider, the sig- 
nal is applied to the meter via one con- 
tact of range switch S,. The other con- 
tact of this switch switches the decimal 
point for the least significant figure: the 
point is off when it is connected to the 
backplane signal (AC) via Rig; it is on 
when it is connected to inverted back- 
plane signal (BP). 

The power supply uses the voltage 
regulators in the DVM module. Thus, 
the output of the mains transformer is 
taken from the transformer board to the 
phase meter where it is rectified and 
buffered and then applied to the regula- 
tors in the DVM module, which hold the 
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voltage steady at+5V. That voltage is then 
returned to the phase meter board. Note 
that the regulators can easily cope with 
the 11 V unregulated input, although 
the connections on the DVM module 
state 8 V. 

Since the circuit draws only a small 
current, it is also possible to power it by 
two 9-V batteries. That saves a trans- 
former and some other components. To 
reduce the current even further, high- 
efficiency LEDs should be used. The se- 
ries resistors must then be increased to 
3.9 kQ. 


Construction 


The printed circuit board for the phase 
meter and transformer is shown in Fig. 4.This 
board may be cut into two if, for in- 
stance, the transformer is not used. Even 
if the board is used as shown, it is ad- 
visable, because of the weight of the 
transformer, to use eight screws to fas- 
ten it. This results in a rather more rigid 
construction. 

The input circuits, must be screened 
along the dashed lines. The four solder- 
ing pins at the corners make this an 
easy operation. The lid should not be 
fitted until the calibration has been car- 
ried out (possible placing of Cj). It is ad- 
visable to drill a hole in the lid through 
which C; can be adjusted. Because of 
the screen, it is best to connect the screened 
wires to K, and K, at the underside of 
the board. This must be done, of course, 
before the board is fitted into the enclo- 
sure. 

The values of capacitors С, and C; 
must be checked with a capacitance 
meter. The larger value should be used 
in the C; position. The difference be- 
tween the two values is compensated by 
Cs. To start with, make the value of this 
capacitor the same as the difference; the 
optimum value can be determined dur- 
ing the calibration. 

The PCB for the meter module is shown 
in Fig. 5. Start with placing the wire 
bridges, because at a later stage that 
may be next to impossible. Place IC, in a 
low-profile socket, so that the display 
neatly fits over it. In case this proves trou- 
blesome, insert an extra terminal strip 
into the terminal strip of the display, so 
that the LCD sits slightly higher. 

Because ofthe intricate routeing ofthe 
supply lines, it is advisable to check 
them thoroughly and to measure the 
voltage at various positions after the 
supply has been switched on. 

Strictly speaking, the LEDs should not 
light when the supply is switched on, 
but thesensitive input channels may well 
pick up some noise, which is then pro- 
cessed as ‘input’. This property may be 
used to advantage by touching the live 
input terminal with a finger. If the input 
channels function correctly, the associ- 
ated LED should light. With S, in posi- 
tion 180º, the decimal point before the 








hil 





Fig. 4. Printed-circuit board for the phase meter and power supply. If necessary, the board is eas- | li 
ily cut into two. 





Fig. 5. Printed-circuit board for the meter module. 












last digit of the display should light. With 
a signal at input A (and input B short- 
circuited), the meter should read 0º. 
With a signal at input B (and input A short- 
circuited) and S, in position 360º, ad- 
just P, until the meter reads 360º. 

Preset P; (180? range) may be adjusted 
in a number of ways, but at all times 
with a 1000 Hz signal. One way is to use 
the 360* range as reference and to shift 
the signal by about 180º with the aid of 
an RC network. The preset is then ad- 
justed until the meter readings in the 180* 
range and the 360º range are the same. 

Another way is to use a signal source 
that can provide an output signal and 
its inverse (which is the same as one 
that is shifted by 180º). Again, adjust P; 
until the meter reads 180º. 

A third method makes use of the aux- 
iliary circuit in Fig. 3, which provides 
two signals that are one another's inverse. 
Adjust Р, in such a manner that the two 
signals look identical ( or nearly so) on 
an oscilloscope. If an oscilloscope is not 
available, set P, to obtain an emitter volt- 
age of 8.5 V. An input signal of 100 mV 
is fine. With theauxiliary circuit connected 
to the phase meter, adjust P, for a meter 
reading of 180º. 

To determine the optimum value of 
C, and to adjust C;, either a signal source 
with inverted outputs or the circuit of 
Fig. 3 is required. 

Start with lowering the frequency to 
between 100 Hz and 50 Hz. If everything 
is all right, the indicated phase angle (S; 
in position 180º) should not change by 
more than a few tenths of a degree. If it 
is more, the value of C, must be made 
a little lower or higher (this has to be 
tried out). Do the same with a frequency 
of 30 Hz. Then, adjust C; until the meter 
reads 180º again. If C; cannot be made 
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Fig. 6. Inside view of the completed phase meter. 


Fig. 7. The front panel 
foil for the phase meter 
is available through our 
Readers' services (see 


page 70). 


small enough; the value of C, must be 
increased slightly. If C; cannot be made 
large enough, shunt C; with a small, say, 
27 pF, capacitor. 

Finally, carry out these tests at a few 
different frequencies to make sure that 
everything works all right. Readjust the 
relevant controls where necessary. Put 
the lid on the screening of the input cir- 
cuits and close the enclosure. [930046] 
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GAL PROGRAMMER UPGRADE 








ber that the GAL programmer can only 
handle GALs manufactured by 
Lattice, National Semiconductor and 
SGS/Thomson. . 


Hardware extension 


Everyone who has successfully built 
the original GAL programmer should 
be encouraged to upgrade it with the 
present hardware extension. The cir- 
cuit diagram shows that the extension 
is relatively simple. Circuits ІСі and 
1С2 (Type 4094s) together form an 8-bit 
shift register. The output of IC2 drives 
ІСз, а digital-to-analogue converter 
(DAC) Type ZN426. The DAC supplies 





Judging from the response to an Elektor Electronics article last 





an output voltage between 0.63 V and 
1.92 V, which is programmable in 
steps of 20 mV. The DAC output volt- 
age is applied to IC4, a Type CA3140 


year describing a low-cost GAL programmer, it looks like many БІҒЕТ opamp, which replaces the 
of you have recognized the power of GALs, and have started LMS volente xesulatorcoriginally fit- 


ted in the circuit. Apart from removing 


programming these interesting devices. This article answers the LM317 from the board, the voltage 
many readers' requests for a hardware extension plus divider around it has to be changed 


upgraded software that allows more GAL types, including the 


also. Resistor R27 (270 О) is changed 
into 22 КО, and R26 (2.7kQ) into 


industry standard 22V10, to be programmed. 1.8kQ. Finally, preset Рі (1 КО) is 
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FTER some research into the pro- 

ramming algorithms of a number 
of relatively new GALs, the designer 
found out that only very small modifi- 
cations were required to the original 
GAL programmer (Ref. 1) to enable it to 
handle even more GAL types. 

The differences in GAL program- 
ming algorithms often concern the 
programming voltage and the signal 
timing. Hence, the two main program- 
mer upgrades are (1) a variable’ pro- 
gramming voltage source and (2) 
modifications to the control software 
to implement the (complex) timing of 
the programming signals, and the vari- 
able programming voltage. The soft- 
ware automatically adapts to the GAL 
type in question, hence changes to the 
programming algorithms are transpar- 
ent to the user. 

In addition to GAL types 16V8(A) 
and 20V8(A), the upgraded GAL pro- 
grammer is also capable of handling 
the B versions of these GALs, the 
22V10, 20RA10 and the GAL6001. 
Programming the 6001 takes about 
one minute, which, admittedly, is not 
fast, but still useful. As regards the 
programming ability of different GAL 
brands (a subject on which we have re- 
ceived many letters), please do remem- 
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Fig. 1. Circuit diagram of the GAL programmer extension. 
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Fig. 2. This diagram shows where the original GAL programmer has to be modified to enable the extension to be integrated. 


changed into 250 Q (or 220 Q). The 
opamp ensures a programming voltage 
range from 8 V to 23.75 V. For the 
sake of clarity, Fig. 2 shows the origi- 
nal circuit diagram with the modifica- 
tions in shaded blocks. 

The small board that contains the 
additional circuitry is fitted as an ex- 
tension on to the main board. ІС5 (а 
4094) is removed from the main board, 
and replaced by the (extended) pins of 
the socket for IC1 on the extension 
board. This IC takes over the function 
of IC5 on the main board, and at the 
same time provides the connection of 
the supply voltage. IC2 on the exten- 
sion board becomes the third element 
in the shift register consisting of IC4 
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on the main board, and IC1 and IC2 on 
the extension board. The third element 
is required to copy and latch the con- 
trol word that represents the variable 
programming voltage. Furthermore, a 
number of output signals of IC2, 
marked A through E, are sent into the 
circuit. These signals are under soft- 
ware control, and, therefore, of little 
interest to the user. 


Construction 


As already mentioned, the extension 
board is plugged into the empty socket 
in position ICs on the main board. The 
track layout and component overlay of 
the extension board are given in Fig. 3. 


ІСі on the extension board is mounted 
into two IC pin rows with extra long 
pins, or a wire-wrap socket. The long 
pins are pushed through the holes in 
the extension board, soldered at the 
track side, and inserted into the socket 
in position ICs on the GAL programmer 
main board. First, however, the exten- 
sion board has to be populated. Fit 
eight solder pins where the wires be- 
tween the extension board and the 
main board are to be connected. Once 
the extension board is complete, you 
can proceed with the modifications to 
the main board. 

Remove IC7 from the main board, 
and solder three lengths of insulated 
wire in the open PCB holes. Next, re- 


КОА TATUR DISENO SS O 





COMPONENTS 





Fig. 3. Track layout (mirror image) and com- 
ponent overlay of the extension board. 


the 
board, and solder two wires into the 
holes nearest R23 and R24. The next job 
is a little more difficult: pin 4 of array 
R29 has to be disconnected from the 
PCB, and a short wire is inserted into 
the hole. If you find it difficult to actu- 
ally pull the array pin out of the PCB 
hole, you may also cut it off (using a pair 
of precision pliers), and pull the remain- 
ing wire out of the PCB hole (while heat- 
ing it with the solder iron, of course). 
Next, remove the wire link between R5 
and Ri3, and fit a wire into the hole near 
R2/Rs. The last wire is connected to the 
side of R5 that is close to the wire link 
you have just removed. 


move resistors R17 and Ris from 

















Fig. 4. This diagram tells you which components have to be changed on the main board, 
which wire link is removed, and where the eight wires are connected. 


Replace resistor R27 by a 22-кО 
type, resistor R26 by a 1.8-КО type, 
and preset Рі by a 250-Q (or 220-0) 
type. 

After plugging the extension board 
on to the main board, connect the 
eight wires to the appropriate solder 
pins. The drawing in Fig. 4 shows 
which components must be removed, 
and which connections are to be made. 

That concludes the modification 
work, and only leaves preset P1 to be 
adjusted, which requires the use of the 
new GAL programmer software (ver- 


sion 6.65 or later). Once you have the 
program running on your PC, type a 
colon (:) followed by a carriage return. 
Next, measure the voltage at pin 2 of 
the ZIF socket, and adjust P1 until you 
measure 16.5 V. 

Finally, if you foresee programming 
GAL6001's, it may be necessary to re- 
place the 7805 on the main board by a 
low-drop regulator such as the 
L4941BV or the L4940V5. This pre- 
vents thermal overloading of the regu- 
lator, which would cause the supply 
voltage to drop below about 4.75 V. In 








Fig. 5. Prototype of the extension board, plugged into the socket for IC5 on the main board. 
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some cases, this is harmful for the 
GAL6001. 


New software 


The new features of the GAL program- 
mer call for revisions to the existing 
control software. From the publication 
date of this article, the new version 
(6.65) of the GAL programmer software 
is supplied as Readers Services item 
1701, which includes National 
Semiconductors's Opal Jr. demonstra- 
tion software. Those of you who al- 
ready have Opal Jr. may order the 
updated GAL programmer software 
only as item 1881 (one disk). 

Finally, the new GAL programmer 
software includes a modified configu- 
ration file, called GAL665.CFG. This 
file, and the associated comment, is 
shown in Fig. 6. a 


Reference: 


1. GAL programmer. Elektor Electron- 
ics May 1992. 


CTT oT 





GAL665.cfg 

(license number) 

(user number 
Address of Centronics port 
GAL extension board 
Change PES (program counter 
Switch for general RESET (Ei 


Check if GAL hardware accessible 


Select set security bit at 
Basic GAL type selection (1 
beep length in ms 20У8А, 
error beep frequency in Hz 
error display time in ms 
Background colour Text (blu 
Foreground colour 
Background colour 
Foreground colour 
Background colour 
Foreground colour 
Background colour 
Foreground colour 
Background colour 
Foreground colour 
Background colour 
Foreground colour 
Top of paper margin (in lin 
Left margin (printing) 


Selection 
Selection 
Selection 
Selection 
Changed c 





GAL PROGRAMMER UPGRADE 


for GAL data exchange 

+ yes=1 
yes=1 
yes=1 
yes=1 

power-up n yes=1 

6V8-1, 20V8-2, 16V8A-3, 20V8A-4, 

/B-4, 22V10-5, 6001-6, 20RA10-7) 


) 
PROM, PROM, GAL) 





e) 


Text (bright grey) 

Error reports (magenta) 
Error reports (bright grey) 
Letters (magenta) 

Figures (white) 


window (bright grey) 
window (blue) 

bar (magenta) 

bar (yellow) 

ells (red) 


Changed cells (bright grey) 


es) (printing) 








Fig. 6. GAL programmer version 6.65 configuration file listing. 


IHN 





GAL PROGRAMMER SOFTWARE FOR 


OFTWARE to control the GAL pro- 

grammer is now also available for 
the Amiga series of computers. The 
Amiga software consists of two pro- 
grams, AmiGAL and AmiBURN, with 
associated (extensive) documentation 
files that can be printed from disk. The 
disk also contains an installation in- 
struction file. 

AmiGAL is a GAL logic function edi- 
tor, while AmiBURN is the actual pro- 
gramming software. Interestingly, 
AmiGAL is capable of generating 
JEDEC files, and has a built-in 
Minterms (minimal terms)” generator 
that can help you reduce complex logic 
equations into a form suitable for im- 
plementation with the aid of GAL cells. 
AmiBURN reads the files produced by 
AmiGAL (or any other program capable 
of outputting JEDEC format files), and 
sets up the programming conditions 
required for the selected GAL. 
Functions like making master GALs, 
actuating the read protection in a GAL, 
device copying, producing cell hard 
copies, and much more, are available. 

AmiGAL and AmiBURN are fully 
menu-driven, and make full use of the 
Amiga's graphics power. They can be 
run on all types of Amiga with 
512 KBytes of memory or more. Before 
running the software, a small hard- 
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AMIGA 


MES (АСП): 
ES (HEX) 


cell (n 
tell D, 


Symbols: X = programed 
- = erased 


ware modification is required: pins 10 
and 11 of the Centronics connector 
must be interconnected. Fortunately, 
this modification still allows the pro- 
grammer to be used with a PC. The 





: FY FF PF FT FP fr IF IF 


Amiga GAL programmer software may 
be ordered through our Readers 
Services as item 1841 (see page 70). Ш 








DIGITAL FREQUENCY READOUT FOR 
VHF/UHF RECEIVER 


The wideband AM/FM receiver! described last month is not complete without a 
dial that tells you the transmit frequency of the station you are listening to. Such 
a tuning dial is described here — it takes the form of a sensitive 4-digit 
frequency meter with a preset option and a maximum input frequency of well 
over 30 MHz. Also suitable for general use in your workshop! 


HE circuit diagram of the fre- 

quency meter (Fig. 1) is not too 
complex, which is mainly by virtue of 
the use of an integrated counter/dis- 
play driver Type ICM72117AIPI from 
Harris Semiconductor. The display cir- 
cuit is shown separately in Fig. 2. 

The function of the ICM7217AIPI is 
changed from a counter only into a fre- 
quency meter by ICs and ICéd. The 
timebase consists of a crystal oscilla- 
tor, Xi-IC2, and a divider chain, IC2, 
IC3 and ICs. The input signal arrives at 
divider IC4 via a transistor preampli- 
fier, Ті. The digitized and scaled down 
input signal is applied to the counter 
IC input (pin 8) via gate ІСба, which 
functions as an electronic switch. ІСба 
is enabled during the gate time (mea- 
surement period) by pin 12 of ICs. 
Diodes Di-Die serve to give to the 
counter a certain preset value — this 
will be reverted to below. 

The time base pulse that controls 
the closing of IC6a must be accurately 





Design by L. Pijpers 


times to ensure the correct gate time 
for the counter. The timing diagram of 
the timebase generator, ICs, is shown 
in Fig. 3. The numbers 0-9 at the left of 
the diagram represent the Q outputs if 
ICs. As indicated, these outputs go 
high successively on each pulse ap- 
plied to the clock (CLK) input. The CO 
(carry out) output of ICs is high when 
one of the outputs 00-04 is high also. 
The CO output is low during the rest of 
the time, i.e., when one of the outputs 
Q5-Q9 is high. This means that the CO 
output supplies a symmetrical rectan- 
gular signal whose frequency equals 
Уа that of the input clock signal. 
When the CO output of IC5 is high, 
ICed is enabled, so that the count 
pulses arriving via Ti and IC4 are fed 
to the count (CNT) input of ICi. The 
number of pulses counted during the 
gate time is stored in a 4-digit counter 
contained in ІСі. 

When the gate time has elapsed, the 
count value is fed to the 4-digit LED 


display. This happens when output Q5 
of IC5 goes high, whereupon IC6a sup- 
plies a ‘low’ to the store input of IC1. 

The counter memory is cleared 
(reset to zero) at the start of every 
count cycle by a logic ‘high’ on Q7 of 
ICs, which is fed to the RESET" input 
via inverter IC6b. The counter preset 
value defined with the aid of diodes 
Di-Di6 is loaded into the counter 
when output Q8 of ICs pulls the ‘load 
counter’ (LC) input of IC: logic ‘high’. 

The input of the frequency meter is 
connected to prescaler output 'F or 'G' 
of the Philips TV tuner in the 
VHF/UHF receiver. To refresh your 
memory, this tuner output supplies 
the local oscillator (LO) frequency di- 
vided by 256. The signal level is about 
1 Уру. which is too small to drive the 
digital frequency meter directly. 
Furthermore, the signal edges are not 
steep enough. These problems are re- 
solved by the circuit around transistor 
Ti, which acts as a preamplifier and 
signal shaper that turns the prescaler 
output signal into a neat rectangular 
wave with a level of 5 Vy, suitable for 
driving the clock input of counter IC4. 

IC4 divides its input signal by 27, 
which gives a total LO frequency scale 
factor of 215 (25x27). This means that 
the highest frequency at pin 13 of IC6d 
is about 30 kHz. 

To obtain a readout in megahertz 
(106 Hz), a timebase of 1x10 s is re- 
quired, which means that the period of 
the gate signal is 2x107 s, or 0.5 MHz. 
This is achieved with the aid of di- 
viders contained in IC2, IC3a and ICab, 
which scale the 8-MHz clock signal 
generated by the oscillator in IC2 down 
by a factor 219 (23x21x215), Note, how- 
ever, that the timebase signal is di- 
vided by 10 in ІС5 before it is available 
at the CO output. Although this re- 
sults in a display reading that is ten 
times too high, it increases the counter 
accuracy, and is simple to correct vi- 
sually by lighting the decimal point on 


ELEKTOR ELECTRONICS JUNE 1993 








FREQUENCY READOUT FOR VHF/UHF RECEIVER 











IC3 = 74HCT4520 

















IC6 = 74НСТ132 































Fig. 1. 


display LD3 — a simple solution, 
achieved by fitting jumper JP3. 


Preset 

When all jumpers are fitted as indi- 
cated in the circuit diagram, the fre- 
quency meter wil indicate the 
frequency (in MHz) received on the 
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VHF/UHF receiver. To enable the fre- 
quency meter to display the frequency 
of the received signal rather than that 
of the local oscillator, it is programmed 
with an off-set of 37.3 MHz. In other 
words, the counters preset option 
must be used to subtract 37.3 from 
the frequency applied to its input. In 





926001X - = 11 


Circuit diagram of the counter/power supply section. Diodes D1 through D16 serve to program a frequency off-set. 


practice, this is achieved by loading a 
preset value, which causes the counter 
to start at a value other than 0. The 
preset value has to be set separately, 
with the aid of diodes, for each display 
digit: 


LDi (MSD): Dis-Di6 
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Fig. 2. Circuit diagram of the display section. 


LD2 Ds-Di2 
LDs Ds-Ds 
LDa (LSD) Di-Da 


Although the four diodes associated 
with each digit allow a maximum pre- 
set of 24=16, in practice, only the val- 
ues O through 9 will be useful. If no 
jumper is fitted for a certain digit, this 
results in a '0', or ‘no off-set’. The digit 
preset value is binary coded. 


Examples: a '3' is programmed by fit- 
ting jumpers 1 and 2, a '4' by fitting 
jumper 3 only, and a '7' by fitting 
jumpers 4, 2 and 1. Programming a 
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Й 
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Й 
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Й 
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certain preset means that you have to 
fit the correct.jumper combination for 
each preset. While this is straightfor- 
ward with positive presets, negative 
presets, as required for the VHF/UHF 
receiver, call for a simple calculation. 
The instruction is simple; starting 
from four zeros on the display, put a ‘1’ 
ahead of them (for borrowing). sub- 
tract the off-set frequency, and pro- 
gram the result with the aid of the 
diodes. So, for a LO off-set of 37.3 MHz 
(373' without the decimal point), the 
preset value becomes 
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Fig.3. Timing diagram of the counter control signals. 





10000 - 373 = 9627, 


which is programmed by fitting the 
preset jumpers as indicated in the cir- 
cuit diagram, Fig. 1. The other 
jumpers are also in the positions as re- 
quired for the VHF/UHF receiver: dp3 
for the decimal point on LDs, the 'MHz' 
jumper, jumper “А” with ІСзь to set the 
correct timebase, and the '256' jumper 
with IC4 to match the «256 prescaler 
in the VHF/UHF tuner. The other 
jumpers are for tuners that have dif- 
ferent prescaling factors. 

Jumper 'C' defines the count direc- 
tion (up or down). For the VHF/UHF 
receiver, the readout should increase 
with a higher LO frequency. This 
means that the counter must count 
“UP, hence jumper “С” must not be fit- 
ted. The 'DOWN' mode is used with re- 
ceivers whose intermediate frequency / 
is higher than the signal frequency 
and the local oscillator frequency. 


General-purpose 
frequency meter 


As already mentioned, the present cir- 
cuit is perfect for use as a general pur- 
pose frequency meter. Since this 
function does not require a counter 
off-set, none of the diodes D1-D16 must 
be fitted. Also, IC3 (a dual binary 
counter/divider Type 74НСТ4520) 
must be replaced with a dual decimal 
counter Type 74HCT4518. No modifi- 
cations are required to the printed cir- 
cuit board, which is suitable for both 
ICs. The 4518 is virtually identical to 
the 4520, only the signal at output Q3 
is divided by 10 rather than by 16. 

For frequencies from 0.01 MHz to 
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Inductors: 
1 15тН 


| Semiconductors: 
16 1м4148 
2 LED, red, 3mm 
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4 1М4001: 019-022 
1 BF494 Ti 
1 | ICM7217A-IPI* ІСІ 
1 74HCT4060 ^. ІС2 
1 74HCT4520 
R8-R11 (see text) 163 
R12;R13 1 74HCT4040 ІС4 
R14 1 74НСТ4017 ICS 
1. 74HCT132 Ice 
1 7805 107 
4 Нр11070" (01404 
Miscellaneous: 
1 B-MHz quartz crystal 
1 9V/1.5VA PCB mount 













mains transformer, e.g., 
Monacor VTR1109 
double-pole mains switch 
2-way PCB terminal block, 
pitch 7.5mm | 
2-way PCB terminal block, 
pitch 5mm 

18-way SIL socket 


D1-D16 18-way SIL header, angled 


X1 
Tri 
$1 
к 
к2 


K3 
K4 


D17;D18 Metal enclosure 80x150x132mm, 
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e.g., Telet""* LC740 
1 Printed circuit board 926001-2 (see 
page 70) 





* Electromail (0536) 204555; fax (0536) 
405555. 


*" ElectroValue (0784) 433603; fax: 
(0784) 435218. 
+» С: Electronics fax (431) 45 241877. 
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Fig. 5. Completed display board. 





30 MHz, fit jumper ‘A’ with ICs, the 
“16' jumper with IC4, the ‘dp2’ jumper, 
and the 'MHz jumper. Depending on 
the maximum frequency that Ti and 
IC4 can handle, the highest input fre- 
quency that can be measured may be 
considerably higher than 30 MHz. 

If you want to use the counter to 
measure relatively low frequencies (1 
to 9999 kHz), fit jumper “В” with ІСЗ, 
and jumper “327 with ICa. Also fit ei- 
ther the 'dp4' and ‘kHz’, or the 'dpl' 
and 'MHz jumpers. 


Construction 


The printed circuit board designed for 
the frequency meter is available ready 
made through our Readers Services 
(see page 70). Those of you who have 
the means to make their own PCBs will 
find the artwork in Fig. 4. Before you 
start fitting parts, cut the board to 
separate the counter/supply section 
(Fig. 6) from the display section 
(Fig. 5). А 

Start the construction of the main 
board with the resistors, capacitors, 
the transformer, the crystal апа the 
solder pins. Be sure not to damage the 
plastic foil trimmer (C2, near the crys- 
tal) by overheating its pins. The voltage 
regulator, IC7, does not need a heat- 
sink, and may be bolted straight on to 
the board. As shown by the pho- 
tographs of the prototype, the display 
board is connected to the main board 
with the aid of an angled pin header 
and a mating socket. 

The completed | counter/supply 
board is mounted on to the bottom 
cover of the enclosure using PCB spac- 
ers, bolts and nuts. Great attention 
should be paid to the insulation of the 
parts, wires and terminals that are at 
mains potential. Also be sure to use a 
properly rated dual-pole mains switch. 

The prototype has two 50-0 BNC 
input sockets — one on the front, and 


one of the rear panel. The one on the 
rear panel serves to connect the in- 
strument to the VHF/UHF receiver, 
while the one on the front is for 'gen- 
eral use’. The two coax input cables 
are simply soldered in parallel with K2 
(braids to ground; cores to C15). 

If the frequency readout is used for 
one application only, the jumpers may 
be replaced by wire links. 
Alternatively, the jumpers may be re- 
placed by DIP switch blocks connected 
to short lengths of flatcable. This al- 
lows you to switch quickly between 
two applications. The coax cable be- 
tween the VHF/UHF receiver and the 
frequency meter should be kept as 
short as possible. 

To prevent ICs being damaged by 
static discharges, jumpers should not 
be removed or fitted with the circuit 
switched on. Also do not forget to dis- 
charge yourself (by touching the case) 
before touching any part of the circuit. 

Adjusting C2 will hardly ever be re- 
quired, since the error caused by a de- 





viation from 8 MHz is negligible at a 
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Fig. 7. Suggested front panel layout. 


FREQUENCY METER 
FREQUENCY 











Fig. 6. Completed main board. 


few kilohertz only. However, if you 
have the means to do so, feel free to 
adjust the trimmer for a clock fre- 
quency of 8 MHz exactly. Alternatively, 
tune the receiver to an accurately 
known frequency, and adjust C2 until 
the corresponding readout is obtained. 

a 


Reference: 
1; VHF/UHF receiver, 
Electronics May 1992. 


Elektor 









POWER 


O kHz 
O мн: 























ELEKTOR ELECTRONICS JUNE 1993 








ELECTROMAGNETIC COMPATIBILITY (2) ` 


From theory to practice 


As already stated in Part 1 of this two- 
part article, the EMC Directive must be 
taken into consideration when the mar- 
keting, and thus the design, specification 
is drawn up. This makes it far cheaper for 
the final product to meet the EMC guide- 
linesthan taking corrective measuresin the 
later stages of the production process. 
Although much work has been done by, 

for instance, the Department of Trade & 
Industry, The Institution of Electrical 
Engineers, and organizations like ERA 
Technology, in informing industry and all 
who are affected by the Directive, the prac- 
tical application of EMC is still in its infancy. 
This is mainly because of the great variety 
of possible compatibility problems: after all, 
each design is different from the next, each 
product may be used in a different envi- 
ronment. On top of that, there are specific 
requirements for specific systems. Here 
are a few guide lines for designers. 

* Design on the basis of representa- 
tive models. In other words, use mod- 
els that are characteristic of reality. Too 
often designers take decisions on the basis 
ofanalyseson non-valid models. If, there- 
fore, a design decision does not yield 
the desired effect or result, the conclu- 
sion must be that the model used was 
not, or only partly, correct. 

* Always consider component prop- 
ertiesasa function of frequency. This 
rule applies to the range 0 Hz to 12 GHz. 
For instance, in an optoisolator com- 
mon-mode signals are converted to dif- 
ferential-mode signals; this process, in 
EMC terms, is frequency-dependent. 
Another example is that one metre of yel- 
low/green earth wire (as found in mains 
cable) represents an inductance of 1 uH 
(this will be reverted to later). At 10 MHz, 
this gives an impedance of 63 О, which 
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Fig. 7. Impedance as a function of fre- 
quency, (a) of a 2200 uF capacitor, and 
(b) of a 470 pF ceramic capacitor. 
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shows that much equipment cannot be 
made EMC approved by just 'earthing 
it properly”. 

Figure 7 shows thatthe behaviour of 
electrolytic capacitors is strongly fre- 
quency-dependent: above about 10 kHz, 
anelectrolytic capacitor is no longer a ca- 
pacitor, but an inductor. This fact is im- 
portant in decoupling power supply lines 
for high frequencies. 

Think in terms of current. It is well 
knownthat in aclosedcircuit current can 
flow even though the c t is not con- 
nected to a voltage source. If such a cir- 
cuit is placed in a varying magnetic 
field, a current equal to - 1/R-dó/dt flows. 
This makes it clear that each measured 
potential difference (pd) is determined 
partly by the meter leads and the mag- 
netic flux, do, which (accidentally) is 
enclosed by these leads. It is, therefore, 
virtually impossible to conform to the 
EMC Directive on the basis of voltage 
considerations. 

Even a more fundamental considera- 
tion of “potential difference' leads to a 
preference of thinking in terms of cur- 
rent. From Maxwell's Second Law, which 
is applicable to each and every electro- 
magnetic phenomenon, it follows that 
at frequencies that are not zero the po- 
tential difference between two points is 
dependent on the route along which the 















electricfield is integrated. Strictly speak- 
ing, therefore, potential difference has 
meaning only in the context of electro- 
staticfields. Notethat Kirchhoff's Second 
Law (XU-0) is merely a special case 
of Maxwell's Second Law (LU=-dg/dt апа 
is, therefore, often not sufficiently ac- 
curate. However, Kirchhoff's First Law 
(51-0) is always valid. In other words, 
voltage does not always have a rational 
physical meaning, whereas current does, 


Properties of current 


From what has been said, it is important 
to be well aware of a number of properties 
of current. In the first place: currents al- 
waysflow in closed circuits (loops). This 
isanimportant fact, because it is these loops 
that determine the emission and suscepti- 
bility tointerference ofan electronic circuit. 
It also explains why earthing does not al- 
ways have the desired effect. After all, a cur- 
rent will flow to earth only ifit cannot flow 
elsewhere. Mother earth is definitely not à 
bottomless pit into which we can dump all 
our interfering signals. 

Each and every current sets up an 
electromagnetic field. A current-carry- 
ing conductor is always surrounded by a 
magnetic field (H), while as a result of the 
charge on the conductor an electric field 
(B) ensues between the conductor and its 
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Fig. 8. True rectangular waveforms cannot be attained; the 
usual shape is trapezoidal as shown (slightly exaggerated). 
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nd Fig. 9. In this digital oscillator, several currents have been measured. The measure- 


qse ment set-up is as shown in the introductory photograph. 

















eld 
its Fig. 10. The radiation of the oscillator is determined by currents i, and ip. 
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environment. The electromagneticfield 
causes the conductor to have not only re- 
sistance, but also several parasitic proper- 
ties, such as inductance (1 nH mm!) and 
capacitance (read: coupling)toits ambience. 
The electromagnetic fields cause couplings 
over electrically) short distances: cross talk. 

To be able to predict the electrical be- 
haviour of a design on the basis of a (low- 
frequency) nétwork model (the CAD draw- 
ing, for instance), these field effects must 
be taken into account by adding to the 
model the correct parasitic components 
and sources, E-field couplings (interfaces) 
are indicated by parasitic Cs (important 
in, forinstance, cross talk in high-impedance 
clock circuits), and H-field couplings by 
parasitic Ms (mutual inductance) or Ls 
(self inductance). 

It is obvious that a knowledge of these 
matters is of importance in the design of 
printed-circuit board layouts. Many cur- 
rent CAD programs were written before 
the EMC Directive was formulated, so 
that, in order to comply with EMC guide 
lines, many critical tracks (usually about 
half of the total) must be laid manually 
by the designer. 


Low and high frequency 


Network theory enables the designer to 
approximate physical reality with mod- 
els by replacing the E- and H-fields by 
impedances. It must be borne in mind, 
however, that the familiar low-frequency 
approximation is permitted only if the 
length, £, of the current loop is small 
with respect to the wavelength 123-10? fl. 
In words, the low-frequency approxima- 
tion is valid for small systems only, that 
is, systems that satisfy the rule ofthumb 
4<2/10. Even then, as has already been 
hinted at, a low-frequency analysis will 
already lose much of its value if the ef- 
fects of the E- and H-fields are not, or 
insufficiently, specified in the network el- 
ements (for instance, because it was as- 
sumed that there are no fields around 
or between the connecting wires). 

In the case of a large electrical sys- 
tem (/2 2/10), that is, a high-frequency 
system, the designer must apply trans- 
mission line theory (characteristic im- 
pedance, reflections, standing waves, 
and so on). 


Designing current loops 


The electric field strength around a cur- 
rent-carrying circuit (read: small mag- 
netic dipole) is directly proportional to 
the area of the loop in which the con- 
ductive or capacitive displacement cur- 
rents flow. The maximum radiated field, 
Eq, at a distance ғ from a small current 
loop through which a trapezoidal cur- 
rent flows (see Fig. 8), is estimated from: 


Е,= 2218/лғсуі,/ь, ГУ mH] 


where Zy is the radiation resistance in 
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air (377 О), S is the area of the current 
loop, с is the speed of propagation of elec- 
tromagnetic waves (3-10 m 871), fy is the 
frequency of the trapezoidal current, i, 
is the pulse maghnitude, and f, is the first 
transition duration (rise time). The ex- 
pression applies to a distant-field situa- 
tion, which assumes that the obersver dis- 
tance, r>A/2n. 

The wavelength À = 3-108/f is thus а 
yardstick of whether the approximation 
formula may or may not be used, It is 
important to note that À is not the fun- 
damental frequency, but the harmonic 
nearest to 1/nt Hz. This is because the 
electric field strength reaches its high- 
est value with harmonics around this spec- 
tral cut-off point. 

That the area, S, in the above expres- 
sion must include the entire loop is made 
clear by considering a Schmitt trigger 
oscillator (see Fig. 9), which is based on 
a Type 74HCT132 NAND gate. The oscil- 
lator frequency can be varied with Р 
over the range 1-10 MHz. 

Capacitor C; and low-pass filter L;-C; 
bound the emission area in the direc- 
tion of the power supply. Because of Li, 
Cy and C}, the spectrum ofthe supply cur- 
rent (to the left of Lj) consists of low-fre- 
quency components that do not contribute 
to the radiation. 

Because of the load on the gate, Rj-Cy, 
two current loops ensue that determine 
theradiation. The first, indicated in Fig. 10 
by i,, carries the sum of the currents 
through Ri, the charging current of Сү, 
and the switching current of the IC. The 
second mesh current, ij, is characterized 
by the displacement current that arises 
asaresultof C; discharging at the instant 
the output of ІС), goes low. 

The current waveforms, ij-ij, mea- 























sured with a current probe are shown 
sequentially in Fig. 11. Note that i;is neg- 
ligibly small, whence і;-і;. Note also that 
the amplitude of the currents (and thus 
the strength of the radiated field) is de- 
termined by C, and not by R}. In prac- 
tice, C, consists of the sum of the wiring 
capacitance, and the input capacitance of 
the digital circuit. . 

Characteristic values for the IC are: 
t=3 ns, i,=40 mA and S = 25 ст?. Sub- 
stituting these values in the radiation for- 
mula, it is possible to estimate the max- 
imum field to be expected at a distance 
of 10 m from the oscillator. From this, it 
appears that the radiation limit of 30 yV пг! 
is already reached at an oscillator fre- 








quency of 3.3 MHz. The harmonics re- * 
sponsible for the limit to be exceeded 
lie above 1/nt, that is, 106 MHz, or from 
the 33rd harmonic up (1/rt,f)). 

To keep the radiation from current 
loops within bounds, a well thought out 
PCB design is imperative. Particularly 
effective is a board with a reference plane 
or reference grid. On such a board, the 
main part of the return current flows 
underneath the supply line (in agree- 
ment with the minimum-flux principle, 
this is the route of least impedance), A 
further benefit is that this also gives the 
smallest possible area of the current loop. 
All these measures reduce the radiation. 
On single-sided boards and double-sided 
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Fig. 11. The output current of the IC, 1, consists of the charging and discharge cur- 
rent of C, B and the current through А. The current in the earth conductor, 2, con- 
sists of the discharge current of C, and the switching current of the IC itself. The cur- 
rent in the large loop is equal to currents 1 and 2. 








Fig. 12. Common-mode currents occur as the result of a coupling be- 








ferrite toroid 





tween the circuit and its environment. They may be measured with an Fig. 13. Radiation may be reduced by ferrite materials 
HF tong-test ammeter and a spectrum analyser. The coupling is repre- like a clamp around a flatcable or the mains cable wound 


sented here by parasitic capacitances с, and earth connections L,. 


around a ferrite toroid. 
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ones without a reference grid, the биг- 
rent-loop areas may be kept small by 
keeping the distance between the supply 
and return conductors small. 

Also, it is advisable never to use faster 
logic circuits than is necessary: a higher 
t will after all cause a lower E. Furthermore, 
it is clear from the radiation formula 
that the clock frequency should be as 
low as possible. The phenomenon that 
E, is directly proportional to the clock is 
a consequence of the fact that the am- 
plitude of the harmonic near to 1/л/ is 
directly proportional to f}. Since the elec- 
tric-field strength is directly proportional 
to the amplitude of the current, it is also 
directly proportional to fj. 


Beware of common-mode 


Fig. 14. Energy transfer by radiation. Differential mode radiation (left) is a result of the Currents 
(wanted) current through an electrically small loop. Common-mode radiation (right) A current loop always maintains a cou- 


results from an (unwanted) antenna current through the cables. 
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and Ср, cause the conversion in the data connection in Fig. 15. 
optoisolator of CM-signals into DM 
signals. 








Fig. 17. Basic circuit of an electrically isolated data connection. 
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Fig. 15. Parasitic capacitances Cy Fig. 16. Pspice model of the electrically isolated 





pling with its surroundings, either by con- 
duction or by radiation. ‘Surroundings’ 
include objects such as a metal table top, 
a central heating radiator, an earthing 
point, and so on. It all depends on which 
coupling predominates at a given fre- 
quency. Owing to the coupling to the sur- 
roundings, common-mode currents, also 
called asymmetrical currents, arise— 
see Fig. 12. Unfortunately, common-mode 
currents often flow through conductors 
(supply cables), whose dimension is of the 
same order as the wavelength: for in- 
stance, 106 MHz- 2.8 m. This means 
that in electronic systems whose dimen- 
sions are much smaller than the wave- 
length of the signals, the cables con- 
nected to the system radiate more than 
the tracks on the PCB. Therefore, the ra; 
diation of most products is deter- 
mined by the magnitude of the high- 
frequency common-mode currents 
flowing in the cables. 

The CM currents may be measured 
with an HF tong-test ammeter and a 
spectrum analyser. In the design stages 
this test and the rule of thumb 1<5 pA 
gives a good idea of whether the radia- 
tion will be higher or lower than the legal 
limit of 30 рУ m- If, in the prototype, 
the measured CM current through one 
ofthe cables (mains lead, cable to printer, 
signal cables) is greater than 5 uA, the 
final product will almost certainly exceed 
the maximum permissible radiation. 

The radiation can be reduced by in- 
serting a high CM impedance in the cur- 
rent path. For example, a ferrite clamp 
may be placed around a flatcable as shown 
in Fig. 13. The same drawing shows how 
the CM currents in a mains lead may be 
reduced by winding the lead through a 
ferrite toroid. 

Figure 14 shows two other ways via 
which interference may be transferred 
through radiation. 
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Design example 


An optoisolator can often be used to put 
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some of the rules stated into practice. It 
is an analogue device that is frequently 
used with digital hardware. In such cases, 
the optoisolator is controlled digitally, 
so that, at least from a functional point 
of view, its output is also digital. 

A suitable optoisolator for use in EMC 
designs is shown in Fig. 15. As usual in 
such a device, the signal transfer is ef- 
fected by light. Capacitors. Cy and Cy show, 
however, that there is another, spurious 
coupling between input and output. The 
effect of these parasitic capacitances has 
been investigated with a simulation pro- 
gram, Pspice. A setup with which this pro- 
gram can be used is shown in Fig. 16. This 
model is derived from the electrically 
isolated data connection in Fig. 17. 

In Fig. 16, the optoisolator has been 
set to its linear operating range with a 
direct current of 3.7 mA. This value has 
been determined empirically and ensures 
that a direct voltage, whose level is equal 
to half the supply voltage, is present at 
the output. To enable the differential 
mode to differential mode transfer, 
Um/is= V(2)/i, to be computed, an alter- 
nating current source, providing 
1.33 mA,has been added at the input. With 
Pspice this source can be frequency-swept 
and the amplitude characteristic shown 
іп Fig. 18 calculated. The most important 
datum to be gleaned from the character- 
isticis that the bandwidth for the wanted 
signal transfer is about 25 kHz. 

In practice, the electrically isolated 
data connection will be affected by the 
common mode source ofinterference across 
theoptoisolator. To study the effect of this, 
a voltage source, игү, and two 50-Q 
impedances have been added to the model 
in Fig. 19. Since the optoisolator is not 
ideal (Cy, and Cy), part of ису will ap- 
pear at the output. This is awkward, be- 
cause this interference signal is in se- 
ries with the output voltage. If the level 
of the interference is (relatively) high, 
itis possible that gate A2 (read: wideband 
amplifier) produces erroneous logic lev- 
els during the transition from one to the 
other. This comes down to insufficient im- 
munity. Note that this transition in EMC 
literature is called common-mode/dif- 





Fig. 20. CM-DM transfer characteristic 
computed from the setup in Fig. 19. 





Fig. 18. The simulated DM-DM characteristic ac- 
cording to Fig. 16. 
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Fig. 19. To compute the CM-DM transfer, voltage source ur was added to 
the model in Fig. 16. 





Fig. 21. Capacitor C; reduces theDM transfer at high frequencies. 
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Fig. 22. The DM-DM characteristic for the 
set-up in Fig. 21. 
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Fig. 23. The CM-DM transfer characteris- 
tic for Fig. 21 with different values for С). 
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ferential mode (CM-DM) transition. 

The quality of an optoisolator, as far 
as immunity is concerned, is a measure 
ofthe degree to which CM signals are sup- 
pressed. The characteristic calculated 
on the basis of the model in Fig. 19 is 
shown in Fig. 20. This indicates that the 
suppression of CM signals reduces with 
rising frequency.. Agains, this is awk- 
ward, because, in practice, ису contains 
primarily HF (>1 MHz) components, The 
characteristic can, however, be improved 
greatly by reducing the bandwidth of the 
optoisolator. This is done in Fig. 21 by 
shunting the switching transistor with 
24.7 nF capacitor. This reduces the band- 
width to about 10 kHz—see Fig. 22; the 
CM suppression for high frequencies is 
thereby increased. The CD-DM charac- 
teristic for the model in Fig. 21 with 
shunt capacitors of 1 nF and 4.7 nF is 
given in Fig. 23. Itis clear from the curves 
that the CM suppression is inversely 
proportional to the bandwidth. 

When the electrically isolated data con- 
nection in Fig. 17 operates at a bandwidth 
(BW) of 10 kHz, the first transition du- 
ration (rise time), t, of the pulses at the 
output of the optoisolator is ¢,=0.35/BW= 
35 us. The maximum input frequency at 
which a correct digital signal can be mea- 
sured at the collector of the phototran- 
sistor is, by rule of thumb, BW/5-2 kHz. 
The output signal simulated with Pspice 
is shown in Fig. 24; the model is given 
in Fig. 25. The circuit is thus suitable 
for use in an RS232 connection with baud 
rates up to 4000 Bd (which coincides 
with the frequency limit of 2 kHz). A 
complete design was published earlier 
this year*. п 


*Electrically isolated RS232 interface. 
Elektor Electronics, March 1993. 


Fig. 24. Characteristic of the output volt- 
age with a channel bandwidth of 10 kHz 
and a rectangular (2 kHz) input current. 
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Fig. 25. Model used by Pspice for computing the characteristic in Fig. 24. 
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Further reading: 4 


Electronic system design: interference and 
noise control techniques, 

ISBN 0-13-252 123-7, by J.R. Barnes, 
Prentice Hall, 1987. 


Interference-free electronics: design and 
applications, ISBN 0-86238-255-6, 
by S. Benda, Chartwell Bratt, 1991. 


Electromagnetic compatibility: Europe, 
ISBN 0-580-20917-2, British Standards 
Institution, 1992. 


EMC: electromagnetic theory to practical 
design, ISBN 0-471-82878-X, 

by PA. Chatterton & M.A. Holden, 
Wiley, 1992. 


ZZAAP! taming ESD, RFI and EMI, 
ISBN 0-12-189930-6, by M.B. Corp, 
Academic, 1990. 


Electromagnetic compatibility: bibliogra- 
phy and information pack (2ndEdition), 
ISBN 0-85296-495-1, by J. Coupland & P. 
Fountain, IEE Technical Information 
Unit, 1993. 


Grounding for the control of EMI, 
ISBN 0-932 263-17-8, by H.W. Denny, 
Don White Consultants, 1989. 


Electromagnetic compatibility in radio 
engineering, ISBN 0-444-99722-9, 

by W. Rotkiewicz (ed), Elsevier Scientific, 
1982. 


Electromagnetic compossibility: applied. 
principles of cost-effective control of elec- 
tromagnetic interference and hazards, 
ISBN 0-8247-1887-9,by H.M. Schlicke, 
Marcel Dekker, 1982. 


Electromagnetic compatibility handbook, 
ISBN 0-442-28903-0, by J.L.N. Violette, 
D.R.J. White & M.F. Violette, 

Van Nostrand, 1987. 


Designers may also note that Rohde & 
Schwarz’s Type ESHS 10 and ESVS 10 
test receivers are now available from 
Livingstone Hire. These instruments 
meet the measurement requirements of 
European EMC Standards incl. 55 011 to 
55 022, ETS, FCC, VCCI and VDE 0871 
to 0879. Full information on these versa- 
tile instruments from Livingstone Hire, 
Livingstone House, Queens Road, 
‘Teddington TW11 OLB, England. 
Telephone (0)81 943 5151; 

Fax (0)81 977 6431. 





CW COMPATIBLE T/R SWITCH 


The use of CW (morse) on a high-power transmitter/receiver presents a serious 
risk of burned antenna (coax) relay contacts or destruction of a GaAs FET 
preamplifier. Fortunately, that problem can be overcome quite easily at a very 
small outlay with the circuit described here. 


LTHOUGH a number amateur 

adio magazines have recently car- 
ried designs that ensure that antenna 
relays change before the transmitter is 
powered, most of these circuits are 
suitable for 'phone' (voice) transceivers 
only. Just in case you did not know, 
early switching of the antenna relay is 
necessary to protect the expensive and 
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Design by Pedro Wyns, ONAAWQ 


highly sensitive GaAs FET preampli- 
fier(s) against the huge power pro- 
duced by the transmitter. 

The trouble starts if you want to use 
a commercial VHF or UHF transceiver 
for high-power, high-speed CW modes 
such as Meteor-scatter, Tropo-DX or 
EME (earth-moon-earth). These modes 
require high transmitter power levels 





Tx/ Rx 
relay 








Fig. 1. Circuit diagram of the transmit/receive switch 





and extremely sensitive preamplifiers. 
Unfortunately, most commercial trans- 
ceivers have a built-in COR (carrier op- 
erated relay), which powers the 
transmitter the instant the morse key 
is pressed, not allowing sufficient time 
for the antenna relay to switch over. 

The circuit shown here is connected 
between the microphone, CW key and 
the transceiver. The operation of the 
circuit is quite simple: in 'phone' 
mode, the antenna relay is energized’ 
the instant the PTT switch on the mi- 
crophone is pressed. The transmitter, 
however, is switched on a little later by 
a timer built around Schmitt-trigger 
NAND gate ІСіс. When the PTT switch 
is released, the reverse takes place: the 
transmitter is switched off immedi- 
ately, while the relay is de-energized a 
little later because of the delaying ac- 
tion of gate IC1a. 

When CW is used, the key signals 
are blocked by wired-AND gate IC1a-T2 
until the delay introduced by timer 
ІСіс has elapsed (approx. 200 ms). The 
circuit around IC1b provides a ‘hang’ 
time of about 2 seconds to prevent 
relay clatter while the transmitter is 
being keyed. Transistors T4 is a dar- 
lington type to enable relays 'outside' 
the transceiver to be controlled also. If 
this is not required, the BD675 may be 
replaced by а BC547. Note that the’ 
collector of T5 is supplied via the coil of 
the Tx/Rx relay in the transceiver. E 
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80C32 COMPUTER APPLICATION 


X2404 EEPROM interfacing 
to an 8751 


Design by Zoran Stojsavljevic 
| ICOR's Х2404 is a 4096-bit serial 
| lectrically erasable PROM (ЕЕР- 
| ROM), internally organized as two 
| pages, each containing 256x8 bits. The 
X2404 features a serial interface and 
| an 12С compatible software protocol 
| that allows it to be operated via а 2- 
| wire bus. Тһе pinning and internal аг- 
chitecture of the IC are given in Fig. 1. 
The SCL (serial clock) input is used to 
clock all data into and out of the de- 
vice. The serial data pin, SDA, is bidi- 
| rectional, and used to transfer data 
into and out of the device. SDA is an 
| open-drain output, and may be wire- 
ORed with any number of open-drain 
or open-collector outputs to form a 
| bus. Address input AO is not used by 
the X2404, although it must be tied to 
Vss for proper device operation. 
Address inputs Al апа А2 are used to 
set the least-significant two bits of the 
six-bit slave address assigned to the 
device. The address inputs are static, 
and should be tied to logic high or low 
levels, to give one unique address per 
device. 

The circuit diagram in Fig. 2 shows 
an example application of the X2404 
in a 8751 microcontroller driven rac- 
ing car computer. The functions of this 
computer are not our prime concern 
here, hence the following discussion 
will concentrate mainly on the way the 
8751 and the X2404 are set up to com- 
municate properly. The functions of 
the four push-buttons are: 

S2: adjust clock; 

S3: display max. rpm during race; 

84: display max. rpm ever. 

S5: reserved. 


The hardware implementation of the 
X2404 is simplicity itself, being essen- 
tially restricted to two lines only. In the 
application circuit, the X2404 records 
the highest rpm (revolutions рег 
minute) value of the car engine. This is 
achieved by reducing the ignition 
pulses to a suitable level, digitizing 
(Tx), and feeding them to the P3.2 
input of the 8751 microcontroller. 


X2404 device operation 

The X2404 supports a bidirectional, 
bus oriented protocol. This protocol 
defines any device that sends data on 
to the bus as a transmitter, and the re- 
ceiving device as a receiver. The device 
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Fig. 1. Pin layout and internal structure of EEPROM X2404. 


controlling the data transfer is a mas- 
ter, and the device being controlled is a 
slave. The master will always initiate 
data transfers, and provide the clock 
for both transmit and receive opera- 
tions. Therefore, the X2404 will be 
considered a slave in all applications. 
Data states on the SDA line can 
change only when SCL is low. SDA 
changes during SCL ‘high’ periods are 
reserved for indications of start and 
stop conditions, as illustrated іп 
Fig. 3. All commands are preceded by 
the start condition, which is a high-to- 
low transition of SDA when SCL is 
high. The X2404 continuously moni- 
tors the SDA and SCL lines for the 
start condition, and will not respond to 
any command until this condition is 


( 


satisfied. АП communications аге ter- 
minated by a stop condition, which is 
a low-to-high transition of SDA when 
SCL is high. The definitions of the start 
and stop conditions are illustrated in 
Fig. 4. 

The transmitting device, either a 
master or a slave, releases the bus 
after transmitting eight bits, During 
the ninth clock cycle, the receiver pulls 
the SDA line low to acknowledge that it 
received the eight bits of data. The 
X2404 will always respond with an ac- 
knowledge after recognition of a start 
condition, followed by its slave ad- 
dress. If both the device and a write 
operation have been selected, the 
Х2404 will respond with an acknowl- 
edge on receipt of each subsequent 
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Fig. 2. Application of an X2404 in a car computer based on Intel's 8751 microcontroller. The X2404 serves, among others, to store and retain 


| the highest rpm of the car's engine. 





Fig. 4. Definition of start and stop condi- 
tions. 


ı eight-bit word (Fig. 5), In read mode, 
the X2404 will transmit eight data 
bits, release the SDA line, and monitor 
it for an acknowledge. If an acknowl- 
edge is detected and no stop condition 
is generated by the master, the X2404 
will continue to transmit data. If an ac- 
knowledge is not detected, the X2404 
will terminate further data transmis- 
Sions, and await the stop condition. 
Following a start condition, the bus 
master must output the address of the 
slave it is accessing. The most signifi- 
cant four bits of the slave address are 
the type identifier (see Fig. 6). For the 
X2404 this is fixed as 1010. The next 
two bits, A2 and Al, address one of up 
| to four X2404s connected on to the 
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Fig. 5. Response from the receiver. 


bus. The next bit, AO, allows the host 
to toggle between the two 256-word 
pages contained in the X2404. The last 
bit in the device address field switches 
between read (bit=1) and write (bit=0) 
operations. Following the start condi- 
tion, the X2404 monitors the SDA bus, 
comparing the slave address being 
transmitted with its own address (i.e., 
four-bit device type and two-bit device 
number). When the two match, the 
X2404 generates an acknowledge on 
the SDA line. Depending on the state 
of the R/W bit, the device next does a 
read or a write operation. 

Write operations on the X2404 can 
be divided into two types: byte write 
and page write. For a byte write opera- 








DEVICE TYPE 
IDENTIFIER 
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DEVICE 
ADDRESS 


920130-16 





Fig. 6. Address format. 


tion (Fig. 7), the X2404 requires a sec- 
ond address field, which forms the 
word address. This consists of eight, 
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Fig. 7. Byte write operation. 


stave 


ADDRESS WORO ADORESS (n) 


WORD 


ADDRESS 


920130-17 








soa uine 





тов ACTIVITY: 
X2404 


Fig. 8. Page write operation. 
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Fig. 9. Random read operation. 
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Fig. 10. Sequential read operation. 
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Fig. 11. Control and data line setup times. 





4 
bits, and provides access to any one of 
the 256 words of memory. Upon re- 
ceipt of the word address, the X2404 
responds with an acknowledge, and 
awaits the next eight bits of data, 
again responding with an acknowl- 
edge. Next, the master terminates the 
transfer by generating a stop condi- 
tion, at which time the X2404 starts 
an internal write cycle to the non- 
volatile memory. During this write op- 
eration, the device disables its inputs, 
and will not respond to any requests 
from the master. 

Page write operations (Fig. 8) move 
eight bytes at a time, and are initiated 
in the same manner as byte write oper- 
ations. However, instead of terminat- 
ing the first write cycle after the first 
data word is transferred, the master 
can transmit up to seven more words. 
On receipt of each word, the X2404 
will respond with an acknowledge. On 
receipt of each word, the three low- 
order address bit are internally in- 
creased by one. The high order five bits 
of the address remain the same. If the 
master transmits more than eight 
words before generating the stop con- 
dition, the address counter will ‘roll 
over’, and the previously stored data 
will be overwritten. As with the byte 
write operation, all inputs are disabled 
until the internal write cycle is com- 
pleted. 

Acknowledge polling can be imple- 
mented by making use of the typical 5- 
ms write cycle time. ACK polling 
involves issuing the start condition fol- 
lowed by the slave address for a write 
operation. If the relevant X2404 is still 
busy with the write operation, it will 
not return an ACK until this operation 
is finished, after which the host can 
proceed with the next read or write op- 
eration. 

Read operations (Fig. 9) are initiated 
in the same manner as write opera- 
tions, with the exception that the R/W 
bit of the slave address is set to a опе, 
There are three basic read operations: 
current address read, random read 
and sequential read. 

Random read operations allow the 
master to access any memory location 
in a random manner. Prior to issuing 
the slave address with the R/W bit set 
to one, the master must perform a 
'dummy' write operation. The master 
issues the start condition, and the 
slave address followed by the word ad- 
dress it is to read. After the word ad- 
dress acknowledge, the master 
immediately re-issues the start condi- 
tion and the slave address with the 
R/W bit set to one. This will be followed 
by an acknowledge from the X2404, 
and then by the 8-bit word. The master 
does not acknowledge the transfer, but 
generates a stop condition, so that the 
X2404 stops transmitting. 
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Es = BIT_PROCEDURE(ARG1,COUNTER) ; 
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Fig. 12. 
WRITE BYTE. 


Flow chart of procedure 


form control 
CON BYTE to write into X2404 : 
1010 A2 A1 АО R/W write or read 


identification address of page 
selection type. 256-byte component 


CALL START ; start condition. 
CALL WRITE BYTE(CON BYTE); 
CALL WRITE BYTE(LOW BYTE'(RADX); 





Fig. 13. 


Flow chart of procedure 
WRITE ADDR.  ' 


WRITE LAB(ARG1): 


COUNTER = ARO; 
CALL WRITE. ADDR; 











Fig. 14. 
WRITE. LAB. 


Flow chart of procedure 
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Sequential read operations can be 
initiated either as a current address 
read or a random access read. The first 
word is transmitted as with the other 
read modes. However, the master now 
responds with an acknowledge, indi- 
cating that it requires additional data. 
The X2404 continues to output data 
for each acknowledge received. The 
read operation is terminated by the 
master not responding with an ac- 
knowledge, and generating a stop con- 
dition. 

The data output is sequential, with 
the data from address N followed by 
the data from address N+1 (Fig. 10). 
The address counter for read opera- 
tions increases all eight address bits, 
allowing the entire memory contents of 
the current 256-word page to be read 
serially in one operation. If more than 
256 words are read, the counter 'rolls 
over', and the X2404 continues to out- 
put data from the same 256-word page 
for each acknowledge received. 


X2404 control program 
The control program written to inter- 
face the X2404 to an 8751 is based оп 
the previously discussed device opera- 
Чоп and the timing specifications 
given in Fig. 11. Any transmission to 
the X2404 requires at least three para- 
meters: (1) the number of bytes to be 
transferred; (2) the initial EEPROM ad- 
dress to or from which the length data, 
defined by the first parameter, are 
transferred; (3) the initial address of 
the 8751 internal RAM to or from 
which the length data, defined by the 
first parameter, are transferred. The 
following program notations apply: 
RADX: Required initial ADdress for 
read/write from/to X2404; 
RADM: Required initial ADdress for 
read/write from/to Microcon- 
troller; 
RBN: Required Byte Number for 
read/write program. 


The flow charts in Figs. 12 through 16 
illustrate the basic operation of the 
X2404 control program. The flow 
charts were used as a starting point 
for the assembler code written to im- 
plement the X2404-to-8751 link. 
Unfortunately, owing to lack of space, 
it is not possible to print the assembly 
listing of the interface program. The 
program is available on an MS-DOS 
formatted disk, however, and be 
obtained through the Readers Services 
— the order code is 1891. 


Conclusion 

The X2404 EEPROM and the software 
driver developed for it allows an 8051 
(or derivate) microcontroller to store a 
relatively small packet of data that is 
not lost when the power is switched 
off. Applications june be found in auto- 














Fig. 15. Flow chart of procedure STORE. 


EALE ыы 
CAL WRITE вутисон Bie) 





И 











Төр (ора) rena SDA Une. 





| COUNTERS = COUNTER’ = 1 





| RAW REN COUNTER 









































Fig. 17. Flow chart of procedure RECALL. 





motive control, test and measurement, 
and data logging systems. If your ap- 
plication requires more memory space, 
there are EEPROMs in the Х24хх fam- 
ily with a larger capacity, for instance, 
the X24C16 with a capacity of 
2 kBytes, organized as eight pages of 
256 bytes each. The software driver 
described here requires only small 
changes for use with a variety of serial 
EEPROMs. " 


Literature: 

l. Data Book, Xicor. Xicor Inc., 851 
Buckeye Court, Milpitas, California 
95035. Telephone (408) 432-8888. 
Fax: (408) 432-0640. 

2. Embedded Controller Handbook, 
Intel Corp. 


Note: 
Figures 1, and 3 through 11, and ex- 
tracts from X2404 datasheets repro- 
duced by courtesy of Xicor, Inc. 





Construction 


The VU meter is most conveniently built 
on the printed-circuit board shown in 
Fig. 5. Start with cutting off the display 
section if that is to be located elsewhere. 
Then, all components can be fitted. Note 
that most resistors and all diodes should 
be mounted upright. The 270 pF, 470 pF 
and 680 pF capacitors must be polystyrene 
types to prevent too high damping of the 
filters. These capacitors must also be 
mounted upright. 

Oncethe boards have been completed, 
they must be interlinked by an angled 
header (see photograph on p. 8) or 17 


discrete, short wires. 

The power for the meter may be drawn 
from the equipment into which it is built, 
but, owing to the current requirement 
on the positive line, it is best to build a 
small, separate supply. 

If a larger display is used than shown 
on the PCB, it must be connected to the 
board via suitable connectors or half IC 
sockets. The display section of the board 
is then useless. 

When a small display is used, jumper 
JP, on the board must be placed іп po- 
sition 'H'. Resistors Ry and Rg must be 
replaced by a wire bridge. 
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Fig. 4. The printed-circuit board for the VU meter. 
















P1-47 КО preset | 
P2-2.5 kQ preset 



















1, C5, C6=12nF | 

(C2233 nF 

Сз, C11, 012=1.8 nF | 

C4, C7, C10, C13, C16, 019, 
24-100 nF 


C8, С9-4,7 nF 

C14, C15-680 pF* 

C17, C18=270 pF* | 

C20, C21, С22-470 pF" 
(29-100 pF 

C30=1 nF 11 
C31-C40, C44=47 nF, ceramic. 
C41, C42, C43, C45, C46= | 
100 nF, ceramic 
“polystyrene, axial 








Semiconductors: 
D1, D2, D4, 07, 010, 013, D16, 
D19, D22-1N4148 
D3, 05, 06, D8, 9, 011, D12, 
014, 015, 017, D18, 020, 
D23-BAT85 


IC1-TLO81 
1С2-105-Т.084 
IC6, 1С7=4051 


1C8-4060 
IC9=TLC272 
IC10-UDN2585A 
IC11, IC12=LM3915 





matrix, e.g., Kingbright Type 
TCO7-T1EWA (larger types: | 
ТС20-11ЕМА; | 

5x8:TC24-11EWA | 












PCB Type 920151 (see р. 70) 
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